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Abstract 
 
Thermal insulating performance of windows is often poor. Thus, effective windows are important for sustainable 
buildings. In this study, we propose using a dynamic insulation (DI) window that uses indispensable ventilation 
effectively. The principle of the DI system is that airflow opposite to the direction of heat loss recovers part of the 
heat that would be lost. Another merit of DI windows is that they decrease the risk of dew condensation. In this 
paper, we report evaluation of humidity using a non-dimensional index: humidity index (HI), and dew condensation 
frequency for DI window frames, at several locations in Japan. 
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1. Introduction 
 
Windows are generally responsible for large heat losses from residential buildings, and improving thermal 
performance of windows is a worldwide issue. One method involves using second windows inside outer windows 
with high thermal insulation performance. The authors propose using dynamic insulation (DI) windows [1], by 
which it is possible to realize additional gains in thermal insulation performance by effective utilization of required 
ventilation. The DI concept is based on the principle that a window temperature gradient be kept near zero by 
directing airflow opposite to the direction of heat loss, which recovers part of the heat that would be lost through the 
window. With DI windows is also possible to prevent dew condensation because it takes in dry outside air in winter, 
and discharges humid outside air in summer. 
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It is difficult to predict dew condensation using DI windows, or other technology using active airflow, because 
absolute humidity and temperature of a certain area are defined by moisture permeation resistance,  thermal 
resistance and, in addition, an air-flow effect. In this paper, the authors propose methods by which to evaluate excess 
frequency of threshold as the risk of dew condensation referred [2], and present the results by region, using areas in 
Japan with different weather conditions. 
 
DI windows comprise three parts: an outer double-pane window, a blind, and an inner window (Fig.1). The 
airflow of a DI window moves from Position 1 to Position 5 (see Fig. 1) in the case of pull-ventilation, and in the 
case of push-ventilation, moves in the reverse order. Generally, a double skin composed outer window and inner 
window without ventilation does not provide for drainage of the inner window because addition of the inner pane 
creates high insulating performance. The temperature and absolute humidity in the air layer and the surface of the DI 
window depends on the dominant air-flow effect. If dew condensation occurred where there is  no  drainage, 
corrosion of metals, damage to wood, and decreasing indoor air quality would be occurred. The temperature and 
absolute humidity to which windows are subjected, differ in summer and winter, therefore, seasonal operation modes 
are needed. The operation mode for concrete in winter, is pull-ventilation and in summer, is push-ventilation. Pull 
ventilation in summer has some risks of dew condensation because warm outer full of moisture touches the cold 
inner surface of the window. 
 
The purpose of this research is to develop methods for predicting dew condensation of materials with airflow and, 
as one example, to verify the dew condensation risks in summer with different modes for operating ventilation. First, 
the authors provided a Humidity Index (HI) and Temperature Index (TI) from field measurements. Certain absolute 
humidity, and temperature of a certain area may be predicted using the indices. Next, dew condensation risks were 
evaluated by a method using the frequency of excess dew condensation over three months. 
 
  
Fig.2.    Condensation risk in a cold part of Japan 
 
 
 
 
 
 
 
 
Position 1—Top vent of outer window, Position 2—Air layer between outer 
window and blind, Position 3—Bottom of air layer, Position 4—Air layer 
between blind and inner window, Position 5—Top vent of an inner window, 
Position 6—Lateral edge of indoor side inner window, Position 7—Bottom 
edge of indoor side inner window, Position 8—Indoors 
Fig.1.    Measure points and section of the DI window 
Position 1 Position 5 
Outdoors Indoors 
Position 4 
 
Position 2 
Position 8 
Position 3 
Position 7 
Position 6 does not show this figure. 
Living room 
Fig.3. Measure points and section of the DI window 
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2. Method for evaluation of dew condensation risks 
 
This chapter explains methods for evaluation of dew condensation risks by verifying the distribution of absolute 
humidity and temperature around the DI window in summer and winter. The HI is defined such that the denominator 
is the absolute difference between outdoor and indoor humidity, and the numerator is the absolute humidity 
difference between the outdoor humidity and that of a specific area of interest. Representative values, assuming a 
linear relationship, are needed owing to the fact that these values are made inconstant by turbulence. In this research, 
these values were measured at midnight and just before sunrise. 
 
HI   ( Xi  Xout ) / ( Xin  Xout ) 
TI   (Ti  Tout ) / Tin  Tout 
(1) 
(2) 
 
where Xi [kg/kg’] is absolute humidity of a certain area i , Xout [kg/kg’]is absolute humidity outdoors, Xin [kg/kg’]is 
absolute humidity indoors, θi [oC] is temperature of a certain area i, θout [oC] is temperature outdoors, and θin [oC] is 
temperature indoors. 
 
The standard evaluation method [1], is the excess frequency over threshold of a certain relative humidity, shown 
in (3), (4), and (5). Eq. 3 shows vapor pressure fi of a certain area i and Eq. 4 shows saturation vapor pressure of a 
certain area I calculated using the empirical equation of Tetens (1930). Relative humidity of a certain area  i is 
defined using (3), (4), and (5). HI and TI are used to define Xi and ti , as shown in Eq. 3 and 4, respectively. 
 
fi   PXi / 0.622  Xi 
6.1078   107.5ti /(ti 237.3)
(3) 
fs    u (4) 
φi    100 u fi  / fs (5) 
 
where fi [Pa] is vapor pressure of a certain area i, fs is saturation vapor pressure of a certain area i, φi is relative 
humidity of a certain area i. 
 
The dew condensation prediction is estimated using (6), (7), and (8), and calculated by z-distribution. 
 
Pr(φc   φ)  
f
³f φ dφ 
 
(6) 
φc 
Zi    φi   φ/ V φ (7) 
f
Pr(Zc   Z)  ³gz dz 
Zc 
(8) 
 
Fig.3. shows an example of dew condensation risks in a cold region in Japan. This figure resulted from excess 
frequency over relative humidity 100% by 0.1 HI and TI range. The indoor condition was 27 oC, RH 60% and the 
condition outdoors was drawn from the EA weather data (1991-2000). The dark areas in the figure show areas at 
high risk of dew condensation, and the maximum excess frequency was 52%, in this case. 
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3. Measurement of HI and TI 
 
3.1. Outline of a field test 
 
DI windows were installed in the living room of an existing house built 20 years ago. The measurement schedule 
and conditions are shown in Table 1. Measurement was conducted from 8 pm of one day to 8 pm of the next day. 
The accuracy of the measurement instruments was f3% (RH), and f0.5 (ºC). 
 
Table 1. Schedule and conditions of measurements 
Ventilation mode Pull ventilation Push ventilation 
Window condition With a blind With a blind 
Ventilation amount 0.5 ACH 0.5 ACH 
Date 21–22 July 2014 
20:00-20:00 (24 h) 
23–24 July 2014 
20:00-20:00 (24 h) 
Sampling rate 1 min 1 min 
Indoor condition Dehumidification 
by an air-conditioner 
Dehumidification 
by an air-conditioner 
 
 
3.2. Humidity characteristics of the DI window in summer 
 
The primary purpose of applying the DI window was to decrease thermal heat loss in winter; therefore, 
ventilation operation mode was pull-ventilation. If a resident used pull-ventilation mode in summer as well as 
winter, there would be some risk of dew condensation when humid outer air touched cold (air-conditioned) surfaces. 
For these reasons, we verified dew condensation risks when using different operation modes: pull-ventilation mode 
for winter, and push-ventilation mode for summer. Differences between the pull-ventilation and the push-ventilation 
is direction of air flow through DI window: Air flow route of pull-ventilation (outdoor->DI window->indoor ) and 
that of push ventilation (indoor->DI window->outdoor ) . Each sampling day, first, the dew point temperature was 
verified using the different ventilation modes (Fig.4 and 5). The dew point temperatures were divided into two 
groups: those in an air layer (for Positions 2, 3, and 4) and those near the inner window surfaces (for Positions 5, 6, 
and 7). The dew point temperature of the air-layer group was 2 oC higher than that of the inner-window-surface 
group. Thus, the air-layer regions had the highest risk of dew condensation. Figure 5 shows these groups for 
approximately one day (except daytime). According to these results, we decided to use the HI and TI for the air 
layer as the representative values. HI and TI in the day time are variation owing to direct solar irradiance effects. 
Fig. 6 and 7 show outdoor air temperature and total radiation from sun and sky, on a horizontal surface 
measured at the roof of this house. Fig. 8 and 9 show the pressure difference between indoors and outdoors, and 
the wind velocity outdoors. The pressure differences were measured across the DI windows as driving force. 
According to these results, the weather conditions were similar on the dates on which measurements were taken. 
The amount of ventilation achieved for each ventilation mode (pull or push) was calculated using the pressure 
difference between outdoors and indoors, 22.3 m3/h (³=f2.9), or 24.0 m3/h (³=f2.9), respectively. Fig 10 and 
11 show the HI of each ventilation mode. Temporary variation in the indoor absolute humidity appears to have been 
affected by the air-conditioner. The representative HI was based on data from 2 am to 3 am, which is least turbulent 
interval during the measurement period. Consequently, the representative HI of pull and push ventilation was 
10.4% , and 100%, respectively. 
 
 
3.3  The evaluation of dew condensation risks in different regions 
 
Using HI from the prior section and TI, dew condensation risks were determined. The TI was not shown in the 
previous section because there was insufficient temperature gradient between indoors and outdoors. Therefore, we 
referred to [2] to define TI, the temperature distribution at midnight, in winter, and the results appear in Table 2. 
This table also has the excess percentage of two thresholds (RH 90% and 100%) because proliferation of fungi  was 
 Daisuke Kawahara and Shinsuke Kato /  Energy Procedia  78 ( 2015 )  519 – 524 523
እ❆ഃ୰✵ᒙ
ෆ❆ഃ୰✵ᒙ
୰✵ᒙୗ㒊
ᐊෆ⤯ᑐ‵ᗘ
እ❆ഃ୰✵ᒙෆ
❆ഃ୰✵ᒙᐊෆ
ഃෆ❆ᯟഃ㎶እẼ
 ᗘ
୰✵ᒙୗ㒊ᐊෆ
ഃෆ❆ᯟୖ㎶ᐊෆ
ഃෆ❆ᯟୗ㎶
እ❆ഃ୰✵ᒙෆ
❆ഃ୰✵ᒙᐊෆ
ഃෆ❆ᯟഃ㎶እẼ
 ᗘ
୰✵ᒙୗ㒊ᐊෆ
ഃෆ❆ᯟୖ㎶ᐊෆ
ഃෆ❆ᯟୗ㎶
እ❆ഃ୰✵ᒙ
ෆ❆ഃ୰✵ᒙ
୰✵ᒙୗ㒊
ᐊෆ⤯ᑐ‵ᗘ
A
bs
ol
ut
e 
hu
m
id
it
y[
g/
kg
']
 
H
um
id
it
y 
In
de
x 
(X
ou
t-
 
X
i)
/(
X
ou
t-
X
in
)[
%
] 
reported when relative humidity was over 90%. According to Table 2, Karuizawa had the highest dew condensation 
risk in Japan because there was relatively high rainfall and low temperature owing to its high elevation. 
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Fig.4.    Dew point temperature with pull ventilation Fig.5.    Dew point temperature with push ventilation 
 
 
Fig.6. Outer temperature and total solar radiation in the case of pull 
ventilation 
Fig.7. Outer temperature and total solar radiation in the case of push 
ventilation 
 
 
Fig.8. Pressure difference between indoors and outdoors and wind 
velosity in the case of pull ventilation 
Fig.9. Pressure difference between indoors and outdoors and wind 
velocity in the case of push ventilation 
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Fig.10. HI for pull ventilation: Positions 2-4 Fig.11. HI for push ventilation: Positions 2-4 
 
 
Fig.12. HI for pull ventilation: Positions 5-7 Fig.13. HI for push ventilation: Positions 5-7 
 
Fig.14 Regions in Japan with different weather conditions 
Table 2. Dew condensation risks by region in summer 
 
Region name 
Pull ventilation mode Push ventilation mode 
RH > 90% RH = 100% RH > 90% RH = 100% 
Tokyo 9% 1% 0% 0% 
Sapporo 10% 1% 0% 0% 
Sendai 22% 6% 0% 0% 
Takada 23% 7% 0% 0% 
Miyazaki 18% 4% 0% 0% 
Karuizawa 49% 20% 0% 0% 
Okayama 7% 1% 0% 0% 
Nagasaki 16% 2% 0% 0% 
Naha 13% 1% 0% 0% 
 
4. Conclusion 
 
The authors developed methods by which to predict dew condensation risk using non-dimensional indices: 
Humidity Index (HI) and Temperature Index (TI). Evaluation method using two index determined the dew 
condensation risks of windows with airflow in summer for two ventilation operation modes. This prediction method 
is useful because it can also be used for other materials with airflow to predict dew condensation areas. In this paper, 
the feasibility of using DI windows in each of nine different regions in Japan, was determined. 
 
5. Discussiion 
 
We developed the dew condensation risk prediction method which is useful for builders because two parameters 
determine the risks in different climate condition. However, this method does not consider of duration time which is 
known actual damage of dew condensation parts. In the future study, the effect should be verified. 
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